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as	 a	 major	 healthcare	 challenge.	 Whereas	 most	 social	 science	 engagement	 with	 AMR	 has	
focussed	on	aspects	of	‘behaviour’	(prescribing,	antibiotic	usage,	patient	‘compliance’,	etc),	this	
article	 instead	 explores	 AMR	 in	 the	 context	 of	 building	 design	 and	 healthcare	 architecture,	
focussing	 on	 the	 layout,	 design	 and	 ritual	 practices	 of	 three	 cystic	 fibrosis	 (CF)	 outpatient	
clinics.	CF	is	a	life-threatening	multi-system	genetic	condition,	often	characterised	by	frequent	
respiratory	 infections	 and	 antibiotic	 treatment.	 Preventing	 AMR	 and	 cross-infection	 in	 CF	
increasingly	 depends	 on	 the	 spatiotemporal	 isolation	 of	 both	 people	 and	 pathogens.	 Our	
research	aims	to	bring	to	the	fore	the	role	of	the	built	environment	exploring	how	containment	
and	segregation	are	varyingly	performed	in	interaction	with	material	design,	focussing	on	three	
core	 themes.	 These	 include,	 first,	 aspects	 of	 flow,	 movement	 and	 the	 spatiotemporal	
choreography	of	CF	care.	Second,	the	management	of	waiting	and	the	materiality	of	the	waiting	



























without	eliminating	 them,	giving	 rise	 to	highly	 resistant	pathogens	and	 the	potentially	 fatal	
cross-infection	of	those	pathogens	between	people	with	CF.		
	
Over	 the	 course	 of	 several	 decades,	 the	 prevention	 of	 AMR	 and	 cross-infection	 in	 CF	 has	
increasingly	come	to	depend	on	the	containment,	segregation	and	spatiotemporal	isolation	of	






necessitates	 a	 focussed	 attention	 on	 the	 entanglements	 of	 spaces,	 practices,	 humans	 and	
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(Gieryn	 2002)	 and	 the	 complex	 strategies	 used	 to	 reconcile	 conflicts	 between	 practices,	
priorities	 and	 the	 built	 environment.	 By	 concentrating	 on	 both	 clinical	 labour	 and	 building	




staff	 (Buse	 and	 Twigg	 2018).	 In	 what	 follows,	 we	 first	 layout	 the	 background	 and	 history	
whereby	AMR	interacts	with	questions	of	building	design	more	broadly,	and	in	the	context	of	
CF	more	specifically.	We	then	outline	our	methodology	before	turning	to	three	core	recurrent	











Our	 approach	 to	 questions	 of	 design	 and	 architecture	 in	 respiratory	 care	 is	 informed	 by	 a	
growing	 humanities	 and	 social	 science	 literature	 on	 healthcare	 and	 the	 built	 environment	
(Martin	et	al.	2015,	Bell	et	al.	2018).	This	includes	research	exploring	how	the	design	intentions	
of	 architects	 relate	 to	 the	 lived	 experience	 of	 the	 building	 for	 healthcare	 professionals	 and	
patients	 (e.g.	 Adams	 et	 al	 2010,	 Bromley	 2012,	 Curtis	 2007).	 Martin’s	 (2016)	 research	 on	
Maggie’s	 cancer	 care	 centres,	 for	 instance,	 applies	 Kraftl’s	 (2010a:	 409)	 concept	 of	
‘choreography’,	 conceptualising	 architecture	 as	 ‘a	 kind	 of	 ‘choreographing’	 endeavour,	
combining	 the	 design	and	 use	 of	 built	 spaces’.	 He	 examines	 how	 philosophies	 of	 ‘care’	 and	
‘hospitality’	are	enacted	through	the	everyday	routines	and	time-space	practices	of	clinicians	







Cystic	 fibrosis	 and	 respiratory	 infections	 prompt	 us	 to	 think	 carefully	 about	 shifting	
understandings	of	biotic	life	and	parallel	changes	in	architectural	and	material	forms.	How	is	it,	
for	 example,	 that	 we	 have	 historically	 come	 to	 envisage	 restructuring	 space	 for	 a	 ‘post-






revealing	 fundamental	 changes	 in	 competing	 medical	 discourses.	 He	 reflects	 on	 a	 late-
nineteenth	century	children’s	ward,	a	hexagonal	pavilion	shape	with	beds	dotted	around	the	
edge,	 each	 bed	 having	 a	 window	 opening	 onto	 a	 surrounding	 veranda.	 Patients	 would	 be	
wheeled	outside	during	the	daytime,	a	classic	feature	of	‘fresh	air	wards’,	a	material	discourse	
influenced	by	a	miasmic	theories	of	contagion.	Anticipating	our	discussion	below	on	‘air	care’,	








sanatoria.	 Like	 their	 fresh	 air	ward	 precursors	 both	 are	 intended	 to	 take	 advantage	 of	 the	
vulnerability	of	TB	to	ultraviolet	light:	‘…	benefits	of	sunlight	and	air...	[are]	oriented	to	make	




enabling	 new	 efficiencies,	 concentrations	 of	 scale,	 compressions	 and	 densities	 of	 clinical	
activity.	In	some	ways	infection	becomes	a	matter	of	pharmacological	rather	than	spatial	and	
environmental	 control.	 In	 this	way	Chandler	 (2016)	writes	of	 antibiotics	 as	 ‘infrastructure’,	
constituting	 healthcare	 spaces	 in	 deeply	 socio-material	 ways.	 Healthcare	 architectural	
literature	 also	 highlights	 fundamental	 conflicts	 between	 the	 competing	 spatial	 priorities	 of	
hygienism	in	tension	with	‘patient	experience’	(Bromley	2012).		The	‘antiseptic	architecture’	of	
the	modernist	era,	its	industrial	scale	and	density,	is	thought	to	conflict	with	‘patient	comfort’	













But	 by	 the	 early	 1990s,	 clinical	 studies	 had	 established	 causal	 relationships	between	 social	
contact	and	the	circulation	of	cross-infectious	bacterial	‘epidemic’	strains.	Holidays	camps	for	
children	 had	 resulted	 in	 the	 person-to-person	 transmission	 of	 resistant	 Pseudomonas	
aeruginosa	(Tummler	et	al.	1991;	Ojeniyi	et	al.	2000).	Cross-infection	was	found	to	be	virtually	
inevitable	 during	 prolonged	 periods	 of	 contact.	 The	 1990s	 emergence	 of	 the	 ‘Liverpool	
Epidemic	Strain’	(LES)	was	understood	to	provide	the	first	‘unequivocal	evidence’	of	resistant	
P.	aeruginosa	cross-infection	amongst	unrelated	patients	(Al-Aloul	et	al.	2004;	Panagea	et	al.	
2005;	 Conway	 2008).	 As	 a	 consequence,	 the	 whole	 world	 of	 CF	 has	 lurched	 from	 one	
characterised	by	interaction	and	sociability,	to	one	characterised	by	segregation	and	thresholds	
of	confinement.	Cross-infection	results	in	bacteria	evolutionarily	selecting	for	resistance	and	








depend	 on	 rituals	 and	 architectures	 of	 physical	 isolation.	 This	 includes	 sophisticated	
choreographies	of	social	distancing,	restrictions	on	physical	interaction	and	the	avoidance	of	
public	 spaces	 (waiting	 rooms,	 public	 transportation,	 lobbies,	 entrances,	 elevators	 and	
corridors,	etc.).	Preventing	resistant	cross-infection	has	gradually	become	a	question	of	spatial	
layout,	architectural	design,	signage,	pathways	and	physical	flow.	Movement	through	space	(of	
patients,	 visitors,	 clinicians,	 support	 workers,	 devices,	 etc.)	 therefore	 necessitates	 careful	
choreography	to	reduce	AMR.		
	
And	 yet,	 restricting	 social	 contact	 is	 acutely	 contentious,	 both	materially	 and	 socially	 (Duff	
2002;	Griffiths	et	al.	2004)	particularly	in	the	context	of	a	condition	which	disproportionately	
affects	 younger	 people	 (Russo	 2007).	 Parents	 understandably	 recount	 the	 challenges	 of	
‘containing’	 their	 children	 (Russo	 et	 al.	 2006)	 and	 imposing	 restrictive	 codes	 of	 hygienic	
conduct	 on	 their	 playful	 youngsters.	 Spatial	 segregation	 also	 has	 adverse	 implications	 for	
recreational	social	contact	and	sexual	intimacy	(Jamieson	et	al.	2014).	The	romantic	tragedy	is	
a	 recurrent	 narrative	 trope	 in	 the	 stories	 told	 of,	 and	 by,	 people	with	 CF.	 These,	 and	 other	
aspects	 of	 ‘segregation’	 highlight	 the	many	 tensions	 between	 competing	mandates	 of	 living	
with	CF.	There	are	also,	predictably,	wide	variations	in	the	socio-material	techniques	employed	
to	minimise	 resistant	 cross-infection.	 Clinics	 are	differently	 configured	within	highly	 varied	
architectural	 constraints	 with	 implications	 for	 the	 choreography	 of	 segregation.	 Localised	
differences	in	the	real	world	of	segregation	have	been	endemic:	‘…some	CF	centres	have	a	strict	





















This	paper	draws	on	data	 from	an	ongoing	 study	 [anonymised]	 (2018-2020),	 exploring	 the	
management	of	cross-infection	 in	CF	clinics	working	with	patients,	clinicians,	architects	and	
designers.	 The	 study	 includes	 qualitative	 and	 creative	 methods	 comprising	 documentary	
analysis	(including	analysis	of	plans,	segregation	policies,	and	newsletters),	graphic	interviews,	
walking	 interviews,	 ethnographic	 observations,	 and	 co-design	workshops.	 Here	we	 use	 the	








architectural	 history,	 their	 layout,	 the	 scale	 of	 their	 delivery,	 the	 implementation	 of	 their	
segregation	policies,	and	their	differing	material	approaches	to	resistant	cross-infection.	Site	1	
has	 around	 35	 adult	 CF	 patients,	 and	 is	 based	 within	 a	 1970s	 built	 hospital.	 Site	 2	







from	 28	 graphic	 interviews	 with	 33	 hospital	 staff	 (5	 physiotherapists,	 4	 CF	 nurses,	 7	




prompt	discussion	 about	 spatial	 practice,	 encouraging	participants	 to	 annotate	plans,	 using	
different	 colour	 markers	 indicating	 routes,	 cross-infection	 ‘hot	 spots’,	 design	 features	 and	
potential	improvements.	Respondents	were	then	invited	to	participate	in	a	walking	interview,	
guiding	 the	 researcher	 along	 their	 route(s)	 through	 the	 building,	 and	 using	 the	 built	




The	names	 of	 participants	 and	 clinics	 have	 been	 changed	 to	 protect	 anonymity.	 Scheduling	
graphic	 and	walking	 interviews	 at	 hospital	 sites	 helped	 to	minimise	disruption	 to	 routines.	
During	walking	 interviews,	 the	 researchers	 avoided	 taking	 photographs	 that	 could	 identify	
people	or	clinic	sites.	The	potential	implications	of	anonymity	during	walking	interviews	were	




emerging	 themes	 and	 issues.	 Transcripts	 and	 fieldnotes	 were	 analysed	 thematically	 using	
NVivo	qualitative	software.	The	different	types	of	data	are	being	analysed	in	dialogue	with	one	
another	 using	 NVivo	 to	 create	 links	 between	written	 and	 visual	 data.	 This	 triangulation	 of	
sources	can	add	‘depth	and	detail’	across	different	types	of	data	bringing	(Woolner	et.	al.	2010,	
20).	 For	 instance,	 comparison	 of	 participants’	 graphic	 maps	 highlights	 similarities	 and	









Within	 the	 constraints	 of	 available	 physical	 space,	 segregation	 within	 CF	 clinics	 involves	















Classification	 underpins	 the	 construction	 of	 spatial	 divisions	 in	 hospital	 environments,	
facilitating	 practices	 of	 segregation	 and	 control	 (Prior	 1992)	 and	 therefore	 shaping	 the	
construction	of	temporal	and	spatial	boundaries	between	CF	patients.	Patients	are	‘cohorted’	
(Russo	2007)	according	to	the	bacteria	that	they	have	in	common	and	scheduled	to	attend	the	
clinic.	 In	 this	 sense,	 the	 bodies	 of	 patients	 and	bugs	 become	 intricately	 entangled	with	 one	
another.	Everything	depends	on	what	it	is	that	patients	‘are	growing’	or	what	‘they	grow’	(CF	













the	 potential	 for	 cross-infection	 within	 cohorts	 remains.	 To	 mitigate	 this,	 staff	 carefully	
choreograph	the	movement	of	bodies	through	the	clinic	to	keep	patients	separated,	creating	
what	Seamon	and	Nordin	have	called	 ‘place	ballet’	 (1980).	One	such	 technique	used	 in	 two	































































Despite efforts to temporally separate patient pathways, the risk of patients passing in corridors, 
entrances or waiting areas remains, often exacerbated by the building design. Corridors in some areas 
are described as ‘tight’ or ‘congested’ and conducting walking interviews in these spaces involved 
squeezing past staff, patients and trolleys. According to Gieryn (2002, 61) ‘buildings insist on 
particular pathways that our bodies move along everyday’ and ‘install routines in the movement of 
bodies’ that ‘quickly become implicit’. However, the collision between CF segregation, and buildings 
designed in the antibiotic era, renders the implicit explicit, bringing these pathways to the fore. 
Respondents talk of the desirability of a ‘one-way system’ or ‘one-way flow’ preventing patients 




Building design often imposes inescapable constraints. At site 1 ad-hoc outpatient appointments take 
place on an inpatient ward with one central corridor having ‘only one way in and one way out’, a 
cross-infection ‘crunch point’ according to one physiotherapist. However, while the outpatient 
department has an alternative exit, patients still tend to exit through the entrance. The use of signage 
directing patients would be difficult because the space is shared with other services: ‘I think if we 
had our own space it would be very different…we would have set entrances and exits, highlight that 
importance of how they navigate the area’ (nurse). This is in contrast to Fox’s (1997) discussion of 
operating theatres, with ‘sterile corridors’ and clear signage directing ‘circuits of hygiene’. 
	
A	 further	 challenge	 for	 clinical	 staff	 is	 that	 the	 careful	 segregation	 of	 bacterial	 ‘cohorts’	 is	
insufficient	 to	 spatiotemporally	 accommodate	 the	 sheer	 ecological	diversity	of	 the	bacterial	
resistiome	in	CF.		As	one	clinician	puts	it,	‘there	are	far	more	bugs	than	there	are	days	in	the	
week...		with	every	new	strain,	we	need	to	come	up	with	another	separate	day	[and]	ignore	a	lot	
of	 bugs’	 (Consultant,	 site	 3).	 The	 classification	 of	 different	 bacterial	 strains	 is	 constantly	

















how	 ‘waiting’	 is	 spatially	 choreographed	 within	 contrasting	 architectural	 arrangements.	
Outpatient	visits	often	involve	the	input	of	numerous	specialists,	sometimes	involving	multiple	
episodes	of	waiting	thus	 increasing	chance	encounters.	 It	 is	 important	 therefore	to	ask	how	




patients	 through	 the	 building	 to	 their	 appointment,	 preventing	 them	 ‘hovering’	 or	
‘congregating’.	 The	 layout	 plans	 annotated	 by	 nurses	 and	 healthcare	 assistants	 showed	
movements	back	and	forth,	 ‘looking	out’	for	patients	in	the	corridors	to	‘guide	them’	quickly	
into	 their	 clinic	 room,	 discouraging	 them	 from	 sitting	 down.	 Technologies	 can	 facilitate,	 or	
disrupt,	 the	management	of	waiting	 times.	The	clinical	 team	at	 site	1	use	 text	messaging	 to	
communicate	directions	and	room	information	to	patients.	At	site	3	patients	use	a	touch	screen	
to	 confirm	 their	 arrival.	 Visual	 displays	 in	 the	 waiting	 area	 then	 call	 them	 through	 to	 the	









can	be	used	 to	engender	either	 sociability	or	 segregation	 (Bell	2018).	 In	 site	2,	based	at	 an	





only	one	waiting	 area,	which	 is	 a	 small	 alcove	 in	 the	 corridor,	 adjacent	 to	 the	 clinic	 rooms.	
Instead	of	permanent	seating	there	is	a	stack	of	plastic	chairs.	Before	the	start	of	each	clinic,	
staff	 carefully	 set	 chairs	 out	 two	 metres	 apart,	 creating	 some	 degree	 of	 physical	 distance	
between	patients.	The	materiality	of	the	chairs	is	important.	One	nurse	suggested	the	choice	of	


















This	 illustrates	 how	 tensions	 between	 segregation	 and	 sociability	 are	 played	 out	 in	 the	
microcosm	of	this	space	(Russo	2007).	The	social	rules	around	waiting	are	deeply	localised	and	




segregation:	 ‘I	 think	 partly	 they	 accept	 they’ve	 got	 the	 worst	 bug	 they	 can	 get,	 so	 why	
segregate?’	 (consultant,	 site	 3).	 This	 group	 of	 patients	 therefore	 represent	 something	 of	 a	
‘dissenting	enclave’	where	isolation	and	the	authority	of	clinic	staff	are	resisted	(Lowton	and	









of	 the	 space	which	 recently	 underwent	 a	 refurbishment	with	 unintended	 consequences	 for	

















hard	surface	 flooring.	This	has	now	been	achieved,	but	with	 the	 input	of	additional	 funding	
raised	by	the	CF	unit	itself.	Many	healthcare	settings,	including	our	CF	clinics,	have	seen	soft-
fabric	 chairs	 replaced	with	wipeable	 plastics.	 In	 the	 new	outpatient	waiting	 area	 discussed	
above,	 fabric	 seating	was	 replaced	with	material	 that	 is	 easy	 to	 clean,	 and	 compliant	 with	
infection	control	requirements.	Yet	estates	and	domestic	services	staff	at	the	different	clinics	










AMR	 mitigation	 strategies	 largely	 focus	 on	 materially	 tangible	 objects,	 surfaces	 and	





the	 invisible	visible’	 (Macduff	et.	 al.	2014)	and	how	air	 is	made	material	and	 tangible	 in	CF	
clinics	through	the	everyday	‘air	practices’	of	staff	(Hauge	2013).		
	
Part	 of	 choreographing	 ‘flows’	 through	 the	 clinic,	 involves	 managing	 flows	 of	 air	 between	
patient	appointments,	in	order	to	minimise	the	risk	of	airborne	transmission.	This	forms	part	

































openable	 window	 designs.	 As	 one	 consultant	 describes	 when	 complaining	 about	 the	 un-
openable	windows:	‘I	do	worry	that	affects	the	airflow…someone	coughs	in	the	room,	is	that	








coughs	 during	 your	 physio	 session…	 at	 what	 point	 are	 you	 not	 covered	 in	 pseudomonas?	
(physiotherapist,	site	3).	They	try	to	manage	this	through	the	sequencing	of	patients,	but	also	



























staff	 have	 to	 see	 high	 numbers	 of	 patients	within	 a	 half-day	 clinic,	 and	 also	 need	 to	 avoid	
patients	sitting	 in	waiting	areas.	One	suggestion	for	addressing	this	 is	having	smaller	clinics	
running	 throughout	 the	day,	but	 this	 is	described	as	 ‘resource	 intensive’,	deploying	a	multi-
disciplinary	team	of	staff	for	a	full	day’s	work	with	a	small	number	of	patients.	The	other	option	
is	 ‘more	 rooms’,	 yet	 this	 again	 comes	 back	 to	 the	 constraints	 of	 available	 space	 in	 hospital	








most	 attention	 in	 policy	 making	 and	 social	 science	 research	 envisions	 AMR	 in	 terms	 of		
‘behaviour’,	 including	 practitioner	 antibiotic	 prescribing,	 the	 off-label	 use	 of	 antibiotics,	










to	 prevent	 cross-infection.	 	 It	 also	 illuminates	 tensions	 between	 the	 choreography	 of	
segregation	and	the	choreography	of	care	(Martin	2016).	These	tensions	are	prominent	in	the	
literature	on	cystic	fibrosis,	which	illustrates	the	positive	impact	of	segregation	policies	on	the	

























where	practice	is	continually	evolving,	 in	tandem	with	the	evolution	of	microbial	 life.	 It	also	




to	 interpretive	 flexibility	 troubles	 the	 idea	 of	 a	 simple	 ‘technological	 fix’	 (Sime	 1986),	 and	
instead	calls	for	further	exploration	of	the	way	buildings	and	the	bodies	that	inhabit	them	co-
configure	one	another	in	taking	account	of	an	ever-changing	and	dynamic	microbial	ecology.	
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